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(54) [Name of invention] Electro luminescent element 
(57) [Summary] 

[Purpose] It is to provide a new EL element, which shall indicate the red color emitting 
without the use of a filter. 

[Structure] Concerning the emission layer 14, which is composed of MgIn2S4 
(magnesium indium sulfide), which Mn is added to as the main emitting material, such 
main material, which the bonding distance of X - S of 4 of S (sulfur) are arranged around 
the element X, which shall contain the positive 2 atoms, which shall have a shorter 
bonding distance than the bonding distance of 2.34 A of Zn-S, shall be used. Mn, which 
shall contain the positive 2 atoms, shall substitute the element X, and therefore, the 
bonding distance of Mn-S shall become shorter than the bonding distance of Mn-S within 
the ZnS : Mn emission layer. Then the reciprocal action between the crystal area, which 
is created by S (sulfur) and Mn of the positive 2 atoms, shall become stronger, and the 
emitting standard energy shall become lower, then the peak wavelength of the emitting 
spectrum shall shift to the longer wavelength side compared to the emitting peak 
wavelength of 590 nm of CaS : Mn emission layer and ZnS : Mn emission layer, and the 
emission layer shall present the red color making the Mn as the main emitting material, 
which can obtain the higher emitting luminance compared to Sm, etc. Therefore, the red 
color emitting can be obtained without going through a filter. 

Figure (P.207) 

T Light 

16: The second transparent electrode 
15: The second insulation layer 
14: Emission layer 
13: The first insulation layer 
12: The first transparent electrode 
1 1 : Glass substrate 
(Insulation substrate) 

i Light 
[Range of the patent claims] 

[Claim 1] It is concerning the electro luminescence element, which is composed by the 
first electrode, the first insulation layer, the emission layer, the second insulation layer 
and the second electrode, which shall be laminated by the optically transparent material, 
which shall be used in at least the light emitting side, in sequence, and it is the electro 
luminescence element, which shall be characterized by the aforementioned emission 
layer to be the sulfur compound, which Mn (manganese) is added to as the active 
substance, and the crystal system of the said sulfur compound shall belong to one of the 
orthorhombic system or the cubic system, and 6 of the S (sulfur) shall be placed around 
the element X, which shall contain the positive 2 atoms, within the structure elements of 
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the said sulfur compound, and which shall be characterized by having the bonding 
distance of X - S, shall be at least 2.56 A and less than 2.75 A. 

[Claim 2] It is concerning the electro luminescence element, which is composed by the 
first electrode, the first insulation layer, the emission layer, the second insulation layer 
and the second electrode, which shall be laminated by the optically transparent material, 
which shall be used in at least the light emitting side, in sequence, and it is the electro 
luminescence element, which shall be characterized by the aforementioned emission 
layer to be the sulfur compoimd which Mn (manganese) is added to as the active 
substance, and the crystal system of the said sulfur compound shall belong to one of the 
orthorhombic system or the cubic system, and 4 of the S (sulfur) shall be placed around 
the element X, which shall contain the positive 2 atoms, within the structure elements of 
the said sulfur compound, and which shall be characterized by having the bonding 
distance of X - S, shall be at least 2.15 A and less than 2.27 A. 

[Claim 3] It is the electro luminescence element which is mentioned in Claim 1, which 
shall be characterized by making the abovementioned sulfur compound with MgIn2S4 
(magnesium indium sulfide). 

[Claim 4] It is the electro luminescence element which is mentioned in Claim 1, which 
shall be characterized by making the abovementioned sulfur compound either with 
MgY2S4 (magnesium yttrium sulfide) or TiZr2S4 (titanium zirconium sulfide). 

[Detailed explanation of the invention] 
[0001] 

[Utility field of the industry] This invention is concerning the electro luminescent 
element (hereinafter referred to as EL element), which is used, for example, for the 
purpose of the self emitting style segment display and matrix display of the measuring 
instruments, etc., or display of various information terminal instruments, etc. 

[0002] 

[Existing technique] The EL element, which uses the phenomenon of emission when the 
electric field shall be applied to the phosphors of zinc sulfide (ZnS), etc., has been widely 
noticed as a structure of a flat display with self-emitting style. Figure 7 is a cross section 
drawing of the typical type of the existing EL element 10. The EL element 10 shall be 
formed by the first electrode 2, which consists of optically transparent ITO film, the first 
insulation layer 3, which shall be made of ditantalum pentaoxide (Ta205), etc., the 
emission layer 4, the second insulation layer 5 and the second electrode 6, which shall be 
made of the ITO film as layers in sequence. The ITO (indium tin oxide) film is a 
transparent conductive fihn, which tin (Sn) shall be doped to indium oxide (In203), and 
since it has low resistance rate, it has been widely used for the transparent electrode. 
According to the emission layer 4, for example, it may have zinc sulfide (ZnS) as the 
main material and manganese (Mn), samarium (Sm) and terbium (Tb) can be added as 
the main emitting material, or strontium sulfide (SrS) as the main material and cerium 
(Ce) is added as the main emitting material. The emission color of the EL element shall 
be decided depending on the kind of additions within ZnS. For example, when Mn is 



4 



added as the main emitting material, yellow orange color emitting is obtained, when Sm 
is added, red color emitting is obtained and when Tb is added, the green color emitting is 
obtained. Also, when Ce is added as the main emitting material to SrS, the blue green 
color emitting is obtained. 

[0003] 

[Problems to be solved by the invention] As for the EL emission layer, which shall 
produce the red color emitting, although the ZnS : Sm emission layer has been developed, 
it has not reached the level of sufficiency in order to be able to obtain enough luminance. 
On the other hand, the phosphor material of Y2O3 : Eu (europium added yttrium oxide), 
etc., which is used as the red color phosphor of a cathode-ray tube of the color television 
currently, is, because the main material is not necessary to be a semiconductor, it is not 
guaranteed to make emission efficiently even if the EL emission layer is used, and 
therefore, it has not reached for practical use. The phosphor material, of which the main 
material is a semiconductor, which shall produce the red color emitting, is mentioned in 
the patent report of TOKUKAISHO 55-147584 as ZnGa2S4 : Mn (manganese added 
gallium sulfide) and the patent report of TOKUKOUSHO 61-4433 as CdGa2S4 : Mn 
(manganese added cadmium gallium sulfide). The crystal system of these main materials 
is a tetragonal system. However, when the ZnGa2S4 : Mn phosphor material was created 
as the EL emission layer, red emitting was not able to be recognized. Also, because of 
the reason that CdGa2S4 : Mn phosphor contains Cd, it is not the preferable material from 
the industrial and environmental point of view. 

[0004] Therefore, currently such method of obtaining the red color EL emitting is widely 
used, which is to use a filter, which only the red component shall permeate through, to 
the ZnS : Mn emission layer, which can obtain high luminance though it's the yellow 
orange emitting. However, because of the use of the filter, there are some problems, such 
as the cost, which becomes high, the FOV (field of view), which shall decrease, and the 
structure of the EL display equipment, which becomes complicated. 

[0005] This invention is made in order to solve those abovementioned problems, and the 
purpose of this invention is to provide a new EL element, which shall produce the red 
color emitting without going through a filter by selecting a suitable substance for the 
main material of the emission layer, which shall contain Mn as the main emitting 
material. 

[0006] 

[The method of how to solve the problem] The EL element conceming this invention, 
which is created in order to solve the abovementioned problem, is that the emission layer 
is to be the sulfur compound, which Mn (manganese) is added to as the active substance, 
and the crystal system of the said sulfiir compound shall belong to one of the 
orthorhombic system or the cubic system, and 6 of the S (sulfiir) shall be placed around 
the element X, which shall contain the positive 2 atoms, within the structure elements of 
the said sulfiu- compound, and which shall be characterized by having the bonding 
distance of X - S, shall be at least 2.56 A and less than 2.75 A, or the emission layer is to 
be the sulfiir compound, which Mn (manganese) is added to as the active substance, and 
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the crystal system of the said sulfur compound shall belong to one of the orthorhombic 
system or the cubic system, and 4 of the S (sulfur) shall be placed around the element X, 
which shall contain the positive 2 atoms, within the structure elements of the said sulfur 
compound, and which shall be characterized by having the bonding distance of X - S, 
shall be at least 2.15 A and less than 2.27 A. 

[0007] 

[Function and effectiveness of the invention] Concerning the emission layer of the EL 
element of this invention, such main material, which the bonding distance of X - S of 6 
of S (sulfur) are arranged around the element X, which shall contain the positive 2 atoms, 
shall have a shorter bonding distance than the bonding distance of 2.84 A of Ca - S, 
which 6 of S (sulfur) are arranged as well, shall be used. Also, such main material, which 
the bonding distance of X - S of 4 of S (sulfur) are arranged around the element X, which 
shall contain the positive 2 atoms, which shall have a shorter bonding distance than the 
bonding distance of 2.34 A of Zn-S, which 4 of S (sulfur) are arranged as well, shall be 
used. Mn, which shall contain the positive 2 atoms, shall substitute the element X, and 
therefore, the bonding distance of Mn-S, which is within the emission layer of the EL 
element of this invention, shall become shorter than the bonding distance of Mn-S within 
the Cas : Mn emission layer or shorter than the bonding distance of Mn-S, which is 
within the ZnS : Mn emission layer. Then the reciprocal action between the crystal area, 
which is created by S (sulfur) and Mn of the positive 2 atoms shall become stronger, and 
the emitting standard energy shall become lower, then the peak wavelength of the 
emitting spectrum shall be shifted to the longer wavelength side compared to the emitting 
peak wavelength of 590 nm of CaS : Mn emission layer and ZnS : Mn emission layer. 
This corresponds to the shifting of emitting color to be from yellow orange color to the 
red color, and therefore, the emission layer of the EL element of this invention shall 
present the red color making the Mn as the main emitting material, which can obtain the 
higher emitting luminance compared to Sm, etc. Further, because generally the sulfur 
compound shall be the semiconductor with wide band gap, it is suitable for the use of the 
main material of the EL emission layer. As it is mentioned, using the EL element of this 
invention, the red color emitting can be obtained without going through a filter. 

[0008] 

[Example of implementation] 

(The first implementation example) Herebelow, this invention shall be explained based 
on the concrete implementation example. Figure 1 is a cross section figure, which shall 
indicate the cross section of the thin film EL element 100, which is related to this 
invention. As to the outer structure, it is not different from the existing structure, which 
is shown in Figure 7. The EL element 100 of Figure 1 shall also produce the light toward 
the direction of the arrows. 

[0009] The thin fihn EL element 100 shall be created by laminating the below mentioned 
thin fihns on the glass substrate 1 1, which is the insulation substrate, in sequence. 
Therefore, on top of the glass substrate 11, the first transparent electrode (the first 
electrode) 12, which is composed of optically transparent zinc oxide (ZnO), shall be 
formed, then on top of this, the first insulation layer 13, which shall be composed of 
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optically transparent ditantalum pentaoxide (Ta205), the emission layer 14, which shall 
be composed of magnesium indium sulfide (MgIn2S4), which Mn is added to as the main 
emitting material, the second insulation layer 15, which shall be composed of optically 
transparent ditantalum pentaoxide (Ta205), and the second transparent electrode (the 
second electrode) 16, which shall be composed of optically transparent zinc oxide (ZnO), 
is formed. 

[0010] The manufacturing method of the thin fihn EL element 100 shall be mentioned 
below. 

(1) First of all, the first transparent electrode 12 was fomied on the surface of the glass 
substrate 11. According to the deposition material, the pellet shaped form using the 
mixture of zinc oxide (ZnO) powder and gallium oxide (Ga203) is used, and as for the 
forming equipment, the ion plating equipment was used. In details, the air of the inside 
of the ion plating equipment was exhausted and formed into a vacuum atmosphere 
maintaining the temperature of the abovementioned glass substrate 1 1 fixed, and after 
that, argon (Ar) gas shall be introduced in order to maintain the same pressure, and then 
the beam electric power and the high frequency electric power are adjusted so that the 
forming speed is within the range of 6 to 18 nm/min. 

(2) Next, the first insulation layer 13, which shall be composed of ditantalum pentaoxide 
(Ta205), was created on the abovementioned first transparent electrode 12 by the 
sputtering method. In details, mixture gas of argon (Ar) and oxygen (O2) was introduced 
into the sputtering equipment, then the forming was performed at IkW of the high 
frequency electric power. 

(3) Next, the MgIn2S4 : Mn emission layer 14, which Mn is added to as the main emitting 
material of magnesium indium sulfide (MgIn2S4), was created on the abovementioned 
first insulation layer 13 by the sputtering method. In detail, the forming was performed at 
the high frequency electrical power of 200 W using MgIn2S4 : Mn powder target or 
sintered target as the sputtering target after introducing Ar gas in the sputtering 
equipment maintaining the temperature of the abovementioned glass substrate 1 1 around 
50 to 300 °C. At that point, amount of Mn of the sputtering target was adjusted to make 
the Mn density within the MgIn2S4 : Mn emission layer in the range of 0. 1 to 1 .0 at%. 
After that, the heat treatment was applied between 4 and 40 hours at the high temperature 
atmosphere of at least 550 °C. 

(4) Next, the second insulation layer 15, which shall be composed of ditantalum 
pentaoxide (Ta205), was created on the abovementioned emission layer 14 by the same 
method of the abovementioned first insulation layer 13. And the second transparent 
electrode 16, which shall be composed of zinc oxide (ZnO) film, was created on the 
second insulation layer 15 by the same method of the abovementioned transparent 
electrode 12. 

[001 1] The thickness of each layer is; each of the first transparent electrode 12 and the 
second transparent electrode 16 is 300 nm, each of the first insulation layer 13 and the 
second insulation layer 15 is 400 nm and the emission layer 14 is 600 nm. Further, the 
thickness of each layer is mentioned making the center part as the base. 
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[0012] The main material magnesium indium sulfide (MgIn2S4) of the emission layer 14, 
which is created by the abovementioned method, shall belong to the cubic system from 
the x-ray diffraction data and shall have the reverse spinel structure, and the lattice 
constant was confirmed to be 10.7 A. Also, the element, which shall contain the positive 

2 atoms within the main material, is Mg, however, 6 of S (sulfiir) are arranged around 
there and it was confirmed by the EXAFS (Extended X-ray Absorption Fine Structure) 
method that the bonding distance of Mg-S was up to 2.68 A. Figure 2 shows the 
appearance of how the 6 of S (sulfiir) are arranged around Mg (indicated as the element 
X). This bonding distance is short compared to the bonding distance of Ca-S of 2.84 A 
of the CaS : Mn emission layer, which 6 of S (sulfiir) is arranged in the same way. 
Therefore, the reciprocal action of between the crystal area, which is made of S (sulfiir) 
and Mn of the positive 2 atoms, shall become stronger, which makes the peak wavelength 
of the emitting spectrum to be shifted to the longer wavelength side from 590 nm, and the 
red color EL emitting, which shall have the peak up to 650 nm, shall be obtained. Figure 

3 shows the emitting spectrum of the EL element. Also, although the accurate number is 
not known, the band gap of MgIn2S4 is around 3 to 4 eV, and the value is suitable for the 
use of the main material of the EL emission layer. 

[0013] MgIn2S4 (magnesium indium sulfide) of the main material of this first 
implementation example of this invention shall have another secondary advantage. This 
is based on the existence of the substance of MnIn2S4 (manganese indium sulfide), which 
shall have the reverse spinel structure, which shall belong to the cubic system, which 
shall have the lattice constant of 10.715±8 A. It shall mean that MgIn2S4 and MnIn2S4 
shall have the same crystal structure, and the lattice constant is extremely close to each 
other, and therefore, even if Mn is added to MgIn2S4, ahnost no distortion shall occur to 
the shape of the lattice, and the phosphor material, which shall have excellent 
crystallization of the main material, can be manufactured. Then the density of 
nonradiative re-combining , which is harmful to the EL emitting, shall be extremely 
reduced. Also, the scattering of carrier, which runs in the emission layer, shall be 
reduced, and it shall become easy to accelerate the carrier to the high energy. Therefore, 
the large EL emitting luminance can be obtained compared to the case of when Sm, 
which shall have the quite different ion radius from Zn, is added to ZnS. 

[0014] Also, when creating the emission layer 14 of MgIn2S4, the MOCVD (Metal 
Organic Chemical Vapor Deposition) method can also be used. In detail, by maintaining 
the abovementioned glass substrate 1 1 at the specific temperature of 500 °C, and after 
making the inside of the forming room to be the decompressed atmosphere, Mg 
(CiiH2o02)2 using the Ar carrier gas. In (C2H5)3 using the Ar carrier gas as well, and 
hydrogen sulfide (H2S), which was diluted by the Ar gas shall be introduced into the 
forming room. Further, in order to add the main emitting element, 
cyclopentadienylmanganese tricarbonyl [Mn(C5H5)2 {CO)^] shall be vaporized, which 
shall be supplied to the forming room. And by making reaction and thermal 
decomposition of these raw material gas, MgIn2S4 : Mn emission layer 14, which Mn is 
added to as the main emitting material, shall be created. 
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[0015] (The second implementation example) Concerning the second implementation 
example of this invention, on top of the glass substrate 1 1 of the EL element 100 of 
Figure 1, the first transparent electrode (the first electrode) 12, which composed of zinc 
oxide (ZnO), shall be formed, then on top of this, the first insulation layer 13, which shall 
be composed of ditantalum pentaoxide (Ta205), the emission layer 14, which shall be 
composed of magnesium yttrium sulfide (MgY2S4), which Mn is added as the main 
emitting material, shall be created. After that, the second insulation layer 15 and the 
second transparent electrode 16 shall be created using the same method as the first 
implementation example. 

[0016] The abovementioned emission layer 14 was created as follows. The forming was 
performed at the high firequency electrical power of 200 W using MgY2S4 : Mn powder 
target or sintered target as the sputtering target after introducing Ar gas in the sputtering 
equipment maintaining the temperature of the abovementioned glass substrate 11 around 
50 to 300 °C. At that point, amount of Mn of the sputtering target was adjusted to make 
the Mn density within the MgY2S4 : Mn emission layer in the range of 0.1 to 1.0 at%. 
After that, the heat treatment was applied between 4 and 40 hours at the high temperature 
atmosphere of at least 550 °C. 

[0017] The main material MgY2S4 of the emission layer 14, which is created by the 
abovementioned method, shall belong to the orthorhombic system firom the x-ray 
diffraction data, and the lattice constant was confirmed to be as a = 12.60 A, b = 12.73 A 
and c = 3.77 A. Also, the element, which shall contain the positive 2 atoms within the 
main material, is Mg, however, 6 of S (sulfiir) are arranged aroimd there and it was 
confirmed by the EXAFS (Extended X-ray Absorption Fine Structure) method that the 
bonding distance of Mg-S was up to 2.15 A. This bonding distance is short compared to 
the bonding distance of Zn-S of 2.34 A of the ZnS : Mn emission layer, which 4 of S 
(sulfiir) is arranged in the same way. Therefore, the reciprocal action of between the 
crystal area, which is made of S (sulfiir) and Mn of the positive 2 atoms, shall become 
stronger, which makes the peak wavelength of the emitting spectrum to be shifted to the 
longer wavelength side fi-om 590 nm, and the red color EL emitting, which shall have the 
peak up to 700 nm, shall be obtained. 

[0018] The main material of the second implementation example shall also contain the 
secondary advantage, which is the same advantage as the abovementioned first 
implementation example. It is because of the reason that the substance of magnesium 
yttrium sulfide (MgY2S4) shall exist, and it shall belong to the same space within the 
orthorhombic, and the lattice constant is extremely close, which is a = 12.62 A, b = 12.75 
A and c = 3.78 A. 

[0019] (The third implementation example) Concerning the second implementation 
example of this invention, on top of the glass substrate 1 1 of the EL element 100 of 
Figure 1, the first transparent electrode (the first electrode) 12, which composed of zinc 
oxide (ZnO), shall be formed, then on top of this, the first insulation layer 13, which shall 
be composed of ditantalum pentaoxide (Ta205), the emission layer 14, which shall be 
composed of TiZr2S4, which Mn is added as the main emitting material, shall be created. 
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After that, the second insulation layer 15 and the second transparent electrode 16 shall be 
created using the same method as the first implementation example. 

[0020] The abovementioned emission layer 14 was created as follows. The forming was 
performed at the high frequency electrical power of 200 W using TiZr2S4 : Mn powder 
target or sintered target as the sputtering target after introducing Ar gas in the sputtering 
equipment maintaining the temperature of the abovementioned glass substrate 1 1 around 
50 to 300 °C. At that point, amount of Mn of the sputtering target was adjusted to make 
the Mn density within the TiZr2S4 : Mn emission layer in the range of 0.1 to 1.0 at%. 
After that, the heat treatment was applied between 4 and 40 hours at the high temperature 
atmosphere of at least 550 ^C. 

[0021] The main material TiZr2S4 of the emission layer 14, which is created by the 
abovementioned method, shall belong to the cubic system from the x-ray diffraction data, 
and it shall have the spinel structure, and the lattice constant was confirmed to be 10.26 
A. Also, the element, which shall contain the positive 2 atoms within the main material, 
is Ti, however, 4 of S (sulfur) are arranged around there and it was confirmed by the 
EXAFS (Extended X-ray Absorption Fine Structure) method that the bonding distance of 
Ti-S was up to 2.22 A. Figure 4 shall indicate the appearance of the arrangement of the 4 
of S (sulfiir) around Ti (indicated as the element X). This bonding distance is short 
compared to the bonding distance of Zn-S of 2.34 A of the ZnS : Mn emission layer, 
which 6 of S (sulfiir) is arranged in the same way. Therefore, the reciprocal action of 
between the crystal area, which is made of S (sulfiir) and Mn of the positive 2 atoms, 
shall become stronger, which makes the peak wavelength of the emitting spectrum to be 
shifted to the longer wavelength side from 590 nm, and the red color EL emitting, which 
shall have the peak up to 650 nm, shall be obtained, 

[0022] Concerning the element X, which shall contain the positive 2 atoms within the 
main material element of the emission layer 14, the reason of why the X-S bonding 
distance was limited to the range of the values, which is mentioned in Claim 1 and Claim 
2, shall be explained. First, in the case of 6 of S (sulfiir) are arranged around the element 
X shall be explained. There are MgS (magnesium sulfide), CaS, SrS, BaS (barium 
sulfide) and MgIn2S4, which is mentioned in the first implementaion example of this 
invention for the use of the main material. The relationship between the peak wavelength 
of the emitting spectrum, which Mn is added to those, and X-S bonding distance is shown 
in Figure 5. If the peak wavelength of when the red color emitting is obtained is 620 nm 
to 700 nm, it can be seen from this figure that the ideal range of the value as X-S bonding 
distance in order to produce the red emitting is at least 2.56 A and less than 2.75 A. 

[0023] Next, when 4 of S (sulfiir) are arranged around the element X shall be explained. 
There are ZnS, MgY2S4, which is mentioned in the second implementation example of 
this invention, and TiZr2S4, which is mentioned in the third implementation example, for 
the use of the main material. The relationship between the peak wavelength of the 
emitting spectrum, which Mn is added to those, and X-S bonding distance is shown in 
Figure 6. If the peak wavelength of when the red color emitting is obtained is 620 nm to 
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700 nm, it can be seen from this figure that the ideal range of the value as X-S bonding 
distance in order to produce the red emitting is at least 2.15 A and less than 2.27 A. 

[0024] As it is explained, by the structure of this invention, the EL element of red color 
emitting, which shall not require a filter, can be obtained. 

[Simple explanation of figures] 

[Figure 1] It is a longitudinal section figure of the EL element of this invention. 
[Figure 2] It is a figure to indicate the appearance of how the S (sulfiir) is arranged to the 
element X within the main material of the emission layer concerning the first 
implementation example of this invention. 

[Figure 3] It is a figure, which shall indicate the emitting spectrum of the EL element 
concerning the first implementation example of this invention. 

[Figure 4] It is a figure to indicate the appearance of how the S (sulfiar) is arranged to the 
element X within the main material of the emission layer concerning the third 
implementation example of this invention. 

[Figure 5] It is a figure to indicate the relationship between the X-S bonding distance and 
the emitting spectrum peak wavelength when the 6 of S (sulfiir) are arranged around the 
element X. 

[Figure 6] It is a figure to indicate the relationship between the X-S bonding distance and 
the emitting spectrum peak wavelength when the 4 of S (sulfiir) are arranged around the 
element X. 

[Figure 7] It is a figiure to indicate a longitudinal section of the EL element. 

[Explanation of the symbols] 

10, 100: EL element (Electro luminescent element) 

1,11: Glass substrate (Insulation substrate) 

2, 12: The first transparent electrode (The first electrode) 

3, 13: The first insulation layer 

4, 14: Emission layer 

5, 15: The second insulation layer 

6, 16: The second transparent electrode (The second electrode) 



[Figure 1] 
T light 



[Figure 2] 

• : Element X 
o : Sulfiir S 



16: The second transparent electrode 

15: The second insulation layer 

14: Emission layer 

13: The first insulation layer 

12: The first transparent electrode 

11: Glass substrate (Insulation substrate) 



2.56 A ^ Bonding distance ^ 2.75 A 
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i light 



[Figure 3] 



[Figure 5] 



Vertical: Emitting intensity 

(voluntary unit) 
Horizontal: Wavelength (nm) 



Vertical: Emitting peak wavelength (nm) 
Horizontal: X-S bonding distance (A) 



[Figure 4] 
• : Element X 
o : Sulfur S 



2.15 A ^ Bonding distance ^ 2.27 A 

[Figure 7] 
T light 



i light 



[Figure 6] 

Vertical: Emitting peak wavelength (nm) 
Horizontal: X-S bonding distance (A) 
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